INTRODUCTION
. Fractionations of cigarette smoke condensate (CSC) for bioassay have resulted in the isolation of a neutral . subfraction possessing high biological activity ('1-4). Subfraction F-2.0 (Fig. '1) has been shown to contain the polynuclear aromatic hydrocarbons (PAH) known to occur in CSC (5, 6}. Accordingly, the biological activity of this fraction has been ascribed to the P AH. Therefore, it became important to isolate and identify the PAH in this fraction. More recently, fraction F-20 was further fractionated for bioassay and the P AH successfully concentrated by preparative gel filtration (GF) chromatography (7). The success of the GF procedure stimulated the identification efforts, since, until now, interfering substances have deterred a complete analysis of the P AH in F-20 and similar neutral fractions.
Utilizing our experience with gel filtration chromatography of P AH-containing CSC fractions {8, 9}, we successfully separated the PAH of F-20 into relatively pure subfractions. Virtually all of the volatile constituents of the subfractions were identified by a combination of gas chromatographic, ultraviolet, and mass spectrometric methods. The methods of identification are detailed and the P AH are tabulated and discussed.
EXPERIMENTAL

Materials
All solvents used were Mallind<rodt"'"' "nanograde" or Burdid< and.Jackson "distilled-in-glass" grad~. Dimethylsulfoxide (DMSO) was Mallind<rodt analytical reagent DOI: 10.2478/cttr-2013-0388
grade. CSC was prepared from commercial, nonw6lter cigarettes at the Roswell Park Memorial Institute and shipped to us under conditions previously described (10). The PAH standards were obtained from various commercial sources and used as received. Samples of the six isomeric methylchrysenes were kindly supplied by Dr. D. Hoffmann, American Health Foundation, Health Researdt Laboratory, Valhalla, New York.
Fractionation of CSC
The PAHwcontaining F-20 (Fig. : 1) was obtained as described before (2) . Acidwbase extractions of 1 kg of CSC yielded a neutral fraction, whi<h was chromatographed on a silicic acid column. Elution with petroleum ether (PE) followed by 25°/o benzene (B) in PE yielded fraction FwBPE. Partition of F-BPE between cyclohexane (CH) and DMSO yielded Fw2o.
Gel Filtration Chromatography
The gel filtration (GF) system consisted of four :1.25 cm X 109 cm Chromatronix LC columns, connected in series and packed with Bio--Beads SX-12 (a neutral, porous, styrene-divinylbenzene copolymer, M. exclusion 400, BiowRad Laboratories) in benzene. Total length of the wet gel bed was 400 cm (approximately 200 g of dry beads). Samples were placed on the gel column with a 1.0 ml injection loop. The eluting solvent was benzene, pumped by a Chromatronix CMPw3 pump at a rate of 120 mllh; 8 ml fractions were collected. The effluent from the column was monitored at 28o run with an Isco Model UA-5 absorbance monitor equipped with a micro-£1owcell. The GF system was tested with known PAH and gave reproducible elution volumes for standard PAH, as found before (8). The total sample of F-20 (3.5 g) was chromatographed in lots of 0.5 g. Material eluted in GF fractions 24-50. Fractions with the same number were combined for subsequent gas chromatography (GC). Figure 2 contains the 280 run UV trace of the elution of 2 mg of F-20 from the gel columns.
Analytical GC GF fractions 40 through 45 were subjected to GC on a Hewlett-Pad<ard Model 5750 gas chromatograph, equipped with 10' X 1/8" and 15' X 1/8" stainless steel (SS) colwnns, pad<ed with 3 °/o Dexsil 300 GC on 100/120 mesh Chromosorb WwA W (temperature program, 90-'325° C at 2°/min; 48 mllmin He; injection temperature, 290° C; flame detector, 350° C). An Autolab System IV Integrator was used to determine peak areas of the GC volatiles. GF fractions 40 and 45 were analyzed on the 15' column and GF fractions 41-44 were analyzed on the 10' column.
Preparative GC A Hewlett-Packard Model 5750 gas chromatograph equipped with a thermal conductivity (TC) detector was used for the preparative GC of GF fractions 40, 41, 43, and 45· The PAH were collected, as indicated below, at the exit port of the TC detector.
Preparative GC of GF Fraction 40
The compounds in GF fraction 40 were batch collected in six subfractions (into dry ice-cooled vials) from a 15' X 1/8" SS column, pad<ed with 5°/o Dexsil on 100/120 mesh Chromosorb WwAW, at the same temperature conditions as above. Subfractions were collected according to the following relative retention time (RRT) intervals: GF o.324w0.476 RRT; GF 40w3, GF 40w4, RRT; and GF 4o--6, 1.124 RRT and above. GF 4o-1 was :reduomatographed on the 15' column and the PAH were collected by bubbling the GC effluent into vials containing 95°/o EtOH. GC program conditions were: 70° C for 10 min, followed by a 2°/min program, until all compounds had eluted. A total of 21 collection cuts were taken. GF 40·2 was chromatographed at 120° C, and 28 collection cuts were trapped in U-shaped capillary tubes, cooled with dry ice. The P AH in GF 4o-3, GF 4o--4 and GF 40~5 were collected from the Dexsil column isothermally at 150° C (22 collection cuts), at 175° C (28 collection cuts), and at 175° C (43 collection cuts), respectively. GF 40w6 was separated into 53 collection cuts using the following temperature program: 240° C for 20 min, followed by an increase of 1°/min to 275° c. 
Preparative GC of GF Fractions 43 and 45
GF fraction 43 was subjected to prepardtive GC on a 10' X 1/8" SS 5°/o Dexsil column (1oo--32.5° C at 2°/min, 20 ml/min He) and 105 cuts were collected in glass capillary tubes. GF fraction 45 was also separated on this column (15o-340° C programming at 2°/min, 20 ml/min He) and the PAH were collected in 44 cuts.
Ultraviolet SpectTal Data
The glass capillary tubes containing the P AH from the above preparative GC runs were rinsed individually into 0.4 ml cuvettes with 95 Ofo ethanol. UV spectra were obtained with a Bed<man Acta C Ill spectrophotometer.
CC-Mass Spectral Data
A Varian :1400 GC instrument was interfaced with a DuPont 2:1-492. mass spectrometer. The gas chromatograph was equipped with a :to' X :t/8" SS column packed with 5 Ofo Dexsil 300 GC on :too/no Chromosorb W-AW (injection temperature, 290° C; FID, 350° C; and 20 ml/min He). GF subfractions 40-:1, -2, . -3, -4, -5, and -6 were chromatographed isothermally at :too, :120, :165, :185, 2.40 and 285° C, respectively. GF fractions 4:1, 43, and 45 were chromatographed using a temperature program of 2°/min from :100° C to 325° C. Mass spectral (MS) analyses were performed as follows. The GC effluent was split :1 ::1, one half going to the FID of the gas chromatograph and the other half to the source area of the mass spectrometer. A jet separator, at 300° C, stripped helium from the effluent before mass spectral analysis. Mass spectra of effluent GC peaks were obtained under the following conditions: a scan rate of :too s/mass-decade, a minimal resolution of :tooo, and 70 eV electron bombardment. Mass spectra were taken as often as possible during the elution time of a GC peak to determine mass integrity. The spectra were recorded by a high-speed ;recording oscillograph or an AEI DS-30 computerized data system. Mass spectral data were analyzed by both manual and computer aided techniques.
RESULTS
The characteristics of the GF step are presented in Fig. 2 ; the bar graph represents the weight percent of F-20 in each GF fraction. The smoke P AH, like the P AH standards, began to elute in GF fraction 36. Analytical GC data, such as relative retention times and percent composition of GC volatiles were calculated for GF fractions 40 through 45, inclusive. Chromatograms of GF fractions 40, 4:1, 43, and 45 are presented in Fig. 3 shown later to be a characteristic of the GF step and actually aided in the identification of minor P AH components and isomeric P AH. Standard P AH were cochromatographed with the GF fractions to determine GC retention time correlation.
Preparative GC was performed on GF fractions 40, 4:1, 43, and 45· Whenever possible, samples were collected while on the upslope, top, and downslope of the GC peaks to give at least three cuts for each peak. The object of taking multiple cuts of a single peak was to give selective enrichment of components for identification by UV spectroscopy. Analytical GC indicated that GF fractions 42 and 44 contained material also found in the adjacent GF fractions. Therefore, preparative GC separations and analyses on these fractions were not deemed necessary.
The results of the identification and quantitation of the components in the GF fractions are given in Table : 1. Peak numbers refer to GC peaks in Figures 3 to 6. Peaks are tabulated in order of their RRT, with peak #70 (pyrene) equalling :t.ooo. The percent corn-. position of the GF fraction, based on total GC vola tiles and assuming unitary detector response, is also given.
The tabulated values for percent composition of the GC peak components in each gel fraction depended on its percentage of total GC volatiles. The percentage .,
100
.,·. values are strongly representative of increasing or decreasing concentrations of the components in successive gel fractions. Where possible, the major component of a peak is indicated. Frequently, the major component of the same peak changes, in progressing from GF fractions 40 to 45· The criteria for identification of components are also indicated in Table 1 . When GC retention times and/or literature UV data were unavailable, the data in Table 2 .
were the basis for identification.
DISCUSSION
Although numerous analytical methods for the P AH of tobacco smoke have been proposed (11-:lA) , these techniques have utilized relatively crude CSC samples that contained many other compounds in addition to the P AH. By applying analytical GF chromatography to a FAH-enriched fraction (F-2o), we obtained a highly refined FAH-isolate (GF fractions J6 to 50), which represented only 0.01 °/o of the starting CSC. This GF method was an extension of preparative GF chromatography used to separate F-2.0 into subfractions for bioassay tests (7). The key to the successful identifications of the P AH was the analysis of each refined GF fraction. The only other compounds, in addition to the PAH that were detected in the GF fractions, were several oxygen-PAH analogues, such as benzo(b)-furan, naphthofurans, dibenzofuran, and their methylated derivatives. However, this was not unexpected as their properties are very similar to those of P AH. The Bio-Beads SX-12. gels separated PAH from other materials by an adsorption type medtanism, whereby the PAH were retained due to their aromatic dtaracter. Another separation factor involved early elution of methylated P AH before the parent P AH compound.
Thus, increasing the number of methyl groups on a P AH decreases its elution volume. On the other hand, increasing the number of aromatic rings in a P AH increases its elution volume. These two gel properties have been discussed in detail (9). Fig. 2 . shows that the order of elution of the standards was J,6-dimethylphenanthrene, phenanthrene, pyrene, and benzo(a)-pyrene. The partial separations of PAH by methyl substitution and ring number are also well illustrated by the data for the P AH of CS C. These two factors significantly aided in the identification of the P AH. That is, the methylated small ring P AH were found in the early GF fractions. Subsequent fractions contained the parent compounds and the methylated derivatives of higher ring PAH, while still later fractions contained predominantly the parent P AH. Thus, GF fractions 40 and 41 were ridt in trimethyl-and dimethyl-derivatives of naphthalene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, and chrysene. GF fractions 40 and 41 were also rich in methyl-derivatives of naphthalene, fluorene, phenanthrene, and anthracene. GF fraction 43 contained large amounts of the methyl-derivatives of phenanthrene, .lluoranthene, pyrene, 1,2.-benzanthracene, chrysene, benzofluoranthene, benzo(a)pyrene, and benzo-(e)pyrene. The parent PAH -phenanthrene, anthracene, benzofluorenes, fluoranthene, pyrene, 1,2.-benzanthracene, dtrysene, benzofluoranthenes, acenaphthylene, and benz(f)indene -were concentrated in GF fraction 43· GF fraction 45 contained mainly the parent P AH -phenanthrene, anthracene, fluoranthene, pyrene, benzo(g,h,i)fluoranthene, duysene, benzofluoranthene, benzo(a)pyrene, and benzo(e)pyrene. It also contained methyl-derivatives of fluoranthene, pyrene, benzo(a)-pyrene, and benzo(e)pyrene, As mentioned before, the per<:ent composition of gel fractions given in Table 1 only indicates trends, since the percentages for eadt peak depended upon the amount and type of GC volatiles. To quantitate individual P AH, calculations must be based on the combined data of all the gel fractions which contain the particular PAH. Sudt calculations have been performed in conjunction with a rapid analytical method for P AH of cigarette smoke (15). The components of the GF fractions were identified by a combination of GC, UV, and GC-MS methods. These criteria together with the separation of PAH by GF, according to structure, have made many of the identifications more definitive. In only four cases was identification based on MS data alone. The lack of suitable P AH standards, particularly methyl-and dimethylderivatives,presentedsomeproblems in the unambiguous identification of the PAH. In some cases, additional criteria, such as NMR, spectrophotofluorometry, and highspeed liquid chromatography, will be needed to determine the position of methyls on the ring systems. Work will be continued in these areas. Obviously, previous identifications of P AH based on only one criterion (i.e., UV, MS data, or GC retention time) must be used cautiously. Currently, work is continuing on the identification of the PAH constituents in GF fractions higher than 45· The material in these fractions constitutes only a small per<:entage of the total PAH, but should contain the higher ring P AH systems, from benzo(a)pyrenes and dibenzopyrenes to coronene and above. Due to the biological activity ascribed to some of the higher molecular weight PAH, this portion of the PAH spectrum should prove to be as interesting and as important as the lower molecular weight P AH.
SUMMARY
A neutral fraction of cigarette smoke condensate, which had shown biological activity and was known to contain polynuclear aromatic hydrocarbons (PAH), was fractionated by analytical gel filtration dtromatography. These gel fractions were subjected to gas chromatographic separation and their components were identified by relative GC retention times, UV spectra, and mass spectral data. More than 'oo PAH, ranging from indene to the dimethylbenzopyrenes, were dtaracterized. This method of isolation has yielded fractions whith were more amenable to definitive identifications. -280, 288, 294, 301 227,279,285,300,306,311 320 226 228,273,280,285,296,318,325 229,264,284,295 238, 244 229, 278, 285, 295, 323 229,270,277,294,300,318,325 228,263,272,283,294,318,329 232, 240, 294, 308, 318, 332 
